Introduction Pre-hospital intubation by paramedics is widely used in comatose patients prior to transportation to hospital, but the optimal technique for intubation is uncertain. One approach is paramedic rapid sequence intubation (RSI), which may improve outcomes in adult patients with traumatic brain injury. However, many patients present to emergency medical services with coma of non-traumatic cause and the role of paramedic RSI in these patients remains uncertain. Methods The electronic Victorian Ambulance Clinical Information System was searched for the term 'suxamethonium' between 2008 and 2011. We reviewed the patient care records and included patients with suspected non-traumatic coma who were treated and transported by road-based paramedics. Demographics, intubation conditions, vital signs (before and after drug administration) and complications were recorded. Younger patients (<60 years) were compared with older patients. Results There were 1152 paramedic RSI attempts of which 551 were for non-traumatic coma. The success rate for intubation was 97.5%. There was a significant drop in blood pressure in younger patients (<60 years) with the mean systolic blood pressure decreasing by 16 mm Hg (95% CI 11 to 21). In older patients, the systolic blood pressure also decreased significantly by 20 mm Hg (95% CI 17 to 24). Four patients suffered brief cardiac arrest during pre-hospital care, all of whom were successfully resuscitated and transported to hospital. Conclusions Paramedic RSI in patients with nontraumatic coma has a high procedural success rate. Further studies are required to determine whether this procedure improves outcomes.
INTRODUCTION
Pre-hospital endotracheal intubation (ETI) by paramedics is used in some countries for definitive airway management in comatose patients prior to transport to hospital; however, patient selection and optimal induction drugs for pre-hospital ETI are uncertain.
If pre-hospital ETI is undertaken by paramedics, a rapid sequence intubation (RSI) technique increases the rate of successful intubation compared with non-drug or sedation-only intubation. 1 In one prospective study, paramedic RSI improved outcomes in adult patients with traumatic brain injury (TBI). 2 On the other hand, non-randomised studies have suggested no benefit of paramedic RSI in patients with traumatic coma. 3 4 The role of paramedic RSI in patients with non-traumatic coma due to seizure or intracranial bleeding is also uncertain. [5] [6] [7] In Victoria, Australia, paramedic RSI was introduced in 1999 for airway management of comatose patients prior to transport by the helicopter emergency medical service (EMS). 8 Between 2005 and 2008, paramedic RSI was introduced to road-based paramedic practice in the context of a randomised controlled trial in patients with TBI in which paramedic RSI at the scene was compared with transport and subsequent intubation by a physician in the emergency department. 2 At the conclusion of the trial the RSI protocol was implemented for routine use by road-based paramedics in all patients with coma (Glasgow Coma Score ≤9) of both traumatic and non-traumatic causes.
Here we report the procedural success rate and the effect on vital signs of the RSI clinical practice guideline for patients with coma of non-traumatic cause. In particular, we report the differences in initial and final haemodynamic variables including blood pressure and pulse between younger patients (<60 years) and patients aged ≥60 years.
METHODS
The study setting was the road-based EMS in Victoria, Australia. This state has approximately 5.5 million people serviced by a single EMS (Ambulance Victoria). This EMS is two-tier with approximately 3000 paramedics trained to insert a laryngeal mask airway and 300 intensive care paramedics who have additional training and are authorised to perform RSI in selected patients. The intensive care paramedics work in pairs in a stretcher ambulance or as single responders in a sedan ambulance.
Key messages
What is already known on this subject Paramedic intubation in patients with traumatic brain injury has a high procedural success rate. However, there is little data on the procedural success rate and effect on blood pressure of paramedic rapid sequence intubation in patients with non-traumatic coma.
What this study adds
Patients with non-traumatic coma are often hypertensive and paramedic rapid sequence intubation leads to a modest drop in blood pressure. Further clinical trials are required to determine whether this approach improves outcomes in such patients.
Patients who are identified as unconscious at dispatch receive a lights/sirens response from the nearest available ambulance. Where possible, two intensive care paramedics are dispatched if the closest stretcher ambulance does not have this staffing level.
Paramedic RSI is authorised in patients with coma (Glasgow Coma Score ≤9) aged ≥15 years with an intact gag/cough reflex and where the transport time is >10 min to the nearest appropriate emergency department. Paramedic RSI is not permitted for patients who are dependent on others in activities of daily living. Comatose patients with completely absent gag/cough reflex undergo intubation without sedative drug administration. For patients who have an altered conscious state due to respiratory failure, intubation facilitated by sedation only is authorised.
Intensive care paramedic RSI training consists of approximately 24 h theoretical and manikin training and 16 h practical experience in an operating room. During the first year of intensive care paramedic practice, RSI is performed under supervision of a more experienced paramedic. Paramedics undergo a one-day theoretical and practical reaccreditation examination each year.
The technique of RSI is available in detail at http://www. ambulance.vic.gov.au/Search.html?keyword=clinical%20practice %20guidelines. Paramedic RSI of patients who are not comatose but who have hypoxia is not permitted.
In all patients, 100% oxygen therapy using bag/mask is administered during preparation. Monitoring consists of non-invasive blood pressure, continuous ECG, pulse oximetry and waveform capnography. A fluid bolus of 10 mL/kg normal saline is administered, with 20 mL/kg administered if the patient is hypotensive (systolic blood pressure <100 mm Hg) at any time.
In patients aged <60 years the sedation used is intravenous fentanyl 100 μg and midazolam 0.1 mg/kg (maximum 10 mg). In patients aged ≥60 years the dose of both sedatives is halved. All patients receive suxamethonium 1.5 mg/kg immediately after the administration of sedation and intravenous atropine 0.6 mg if the heart rate is <60/min. Cricoid pressure is applied in all patients. After endotracheal tube placement is confirmed with waveform end-tidal carbon dioxide monitoring, the patient receives intravenous pancuronium 8 mg except if seizures had been observed. In the latter case, additional midazolam is administered as required to maintain intubation without coughing. A morphine and midazolam intravenous infusion is commenced at a rate of 5 mg/h of both drugs via a syringe pump and increased as required if systolic blood pressure exceeds 180 mm Hg.
Only two attempts at intubation (one by each paramedic) is permitted. The 'failed intubation drill' involves bag/mask/oral airway ventilation until spontaneous respirations resume, with laryngeal mask airway used if bag/mask/oral airway ventilation is unsuccessful. End-tidal carbon dioxide monitoring is continued during bag/mask ventilation to ensure adequacy of ventilation. A cricothyroidotomy (Minitrach II, Smiths Medical, St Paul, Minnesota, USA) is performed in the 'unable to intubate/unable to ventilate' patient.
Since 2008, all patient care observations and treatment by road-based paramedics has been recorded electronically on the Victorian Ambulance Clinical Information System (VACIS) which is based on Oracle software. For this study, VACIS data was searched for the term 'suxamethonium' and the patient care records were retrieved. The data search period was January 2008 to June 2011.
Inclusion criteria for this analysis were all adult patients (≥15 years) who were comatose due to suspected intracranial pathology who underwent RSI and who were transported by road ambulance. The following patients also underwent RSI but were excluded from this analysis: patients with suspected TBI, suspected drug overdose, coma explained by non-neurological injury (hypothermia, liver failure), comatose patients post cardiac arrest with a return of spontaneous circulation and patients transported by the helicopter EMS.
Data from the patient care record were manually extracted to a spreadsheet for statistical analysis. The 'pre-RSI' vital signs data were those measured just prior to RSI and the 'post-RSI' data were those measured just prior to arrival at the hospital. The response time was the time between call and arrival at scene of the first intensive care paramedic.
Statistical analysis
Continuous variables that approximated a normal distribution were summarised as mean and 95% CI, and groups were compared using t tests. Non-normal continuous variables were summarised as median and first and third quartiles (Q1, Q3) and groups were compared using the Mann-Whitney U test. Binomial variables were expressed as proportions and 95% CIs (exact binomial) and groups were compared by χ 2 tests. All reported p values are two-sided and values <0.05 were regarded as significant. The statistical software was STATA V.11.1 (Stata Corporation, College Station, Texas, USA).
RESULTS
A total of 1152 patients underwent paramedic RSI and transport by road ambulance in Victoria, Australia between January 2008 and June 2011. Of these, 263 were TBI, 194 were suspected drug overdose, 134 were post cardiac arrest and 10 were miscellaneous causes of coma including accidental hypothermia (three patients), airway burns (three patients), near-drowning (two patients) and suspected liver failure (two patients).
There were 551 patients with coma that was suspected to be due to a non-traumatic primary neurological event and these patients are the subjects in this report. Table 1 shows the baseline characteristics of these 551 patients. The response time was the time taken for the first intensive care paramedic to arrive on scene. In most cases, advanced life support paramedics arrived earlier and commenced initial treatment. Of note, seizure activity at presentation was more common in younger patients. Three patients with Glasgow Coma Score measured as >9 presented with extreme agitation and underwent RSI after telephone consultation with an emergency department physician. Table 2 shows the grade of view at laryngoscopy and the intubation success rate in these patients. The overall procedural success rate of RSI was 97.5%. A gum elastic bougie was placed blindly in patients with an initial grade 3 (52 patients) or grade 4 view (15 patients) laryngoscopic view and 55 of these had the endotracheal tube railroaded successfully over the bougie.
There were 12 patients in whom intubation was unsuccessful. In the 5/191 younger patients, all arrived at hospital with an oxygen saturation >97% with bag/mask ventilation. In one older patient the oxygen saturation was 88% on arrival at the emergency department despite bag/mask ventilation. The remaining six patients in this older group had an oxygen saturation of >97%. No patient in this study required a surgical airway. Table 3 shows the vital signs before and after RSI, just prior to arrival at the hospital. Of note, there was a significant drop in blood pressure in both groups. In younger patients the mean systolic blood pressure (SBP) decreased by 16 mm Hg (95% CI 11 to 21) and in older patients the SBP decreased by 20 mm Hg (95% CI 17 to 24 mm Hg).
There were 163/551 (29.6%) patients with hypertension (SBP >180 mm Hg), with this being more common in patients aged ≥60 years than in younger patients (34.2% vs 20.9%; p<0.001). In the older patients with hypertension the mean fall in SBP was 41 mm Hg but 54/360 (15%) arrived at hospital still hypertensive. In the 191 younger patients the mean decrease in SBP was 53 mm Hg and 17/191 (8.9%) arrived at hospital hypertensive.
There were four cardiac arrests during or immediately after paramedic RSI (0.7%). In two cases the patients developed asystole immediately after injection of the RSI drugs but prior to laryngoscopy. Atropine was administered and chest compressions commenced. There was a return of spontaneous circulation within 2 min in both patients who were then successfully intubated and transported to hospital.
In a third case, a 50 year-old patient collapsed and was comatose on arrival of paramedics due to a suspected intracranial event. During pre-oxygenation and preparation for RSI, the patient developed ventricular fibrillation which responded to a single 200 joule shock. Paramedic RSI was then successfully carried out, but the patient again developed ventricular fibrillation immediately after confirmation of placement of the endotracheal tube in the trachea and administration of pancuronium. Cardioversion with a single 200 joule shock restored sinus rhythm and the patient was transported to hospital with stable vital signs.
In a fourth case the patient underwent RSI but the waveform capnograph indicated oesophageal placement. The endotracheal tube was immediately removed and bag/mask ventilation with 100% oxygen was commenced. At that time the patient developed asystole that required 2 min of chest compressions and the administration of atropine. After return of a pulse at 2 min, an endotracheal tube was then successfully placed and the patient was transported to hospital.
The range of scene times in the patients were 6% <20 min, 15% 21-30 min, 26% 31-40 min, 29% 41-50 min and 17% 51-60 min. There were 32 patients (6%) with scene time >60 min. These patients were generally in outer metropolitan and rural areas with an average transport time from scene to hospital of 32 min.
DISCUSSION
This report describes paramedic RSI in a large cohort of adult patients with non-traumatic coma due to suspected intracranial pathology and has a number of key findings. First, the procedural success rate of 97.5% compares favourably with the success rate of RSI by much more highly trained physicians who attempted intubation in the pre-hospital setting. 9 In that study, the success rate of intubation within two attempts by physicians was 97.8%. This study also confirms the findings of other reports that show that paramedic RSI has a very high procedural success rate compared with attempts at intubation without drugs or attempted intubation facilitated by sedation only. 1 For the 14/551 patients in whom intubation was not achieved, only one arrived at hospital with an oxygen saturation <90%. Also, in three of the four patients with cardiac arrest post RSI, the cardiac arrest may have been a side effect of suxamethonium since the patients were not hypoxic at that time and they quickly responded to atropine and chest compressions. An alternative to the use of suxamethonium is the use of rocuronium, but this has not been shown to be superior in clinical practice. 10 However, given that there were no patients who were 'unable to be intubated/unable to be ventilated' during a RSI attempt, the use of rocuronium might be a safe alternative to suxamthonium in this clinical setting.
Another important finding of our study was the effect of paramedic RSI on SBP. The decrease in blood pressure seen in most patients may have been due to the sedation given (fentanyl/midazolam). However, the optimal blood pressure goal in this setting is uncertain. Since many of these patients have intracranial haemorrhage, a decrease in blood pressure would decrease haematoma growth over the subsequent days and might lead to improved outcomes. 11 On the other hand, a lower blood pressure would be expected to decrease cerebral perfusion pressure and this might lead to worse outcomes.
The ideal induction agents for paramedic RSI in this patient group is uncertain. The current approach uses a 'half dose' of fentanyl/midazolam in patients aged >60 years. This dosage was based on the approach used in the trauma setting where larger doses of sedative drugs in possibly hypovolaemic older patients could result in significant hypotension. However, in the non-trauma setting it may be that increased doses of sedation should be given to older patients, given that many (15%) arrived at hospital with hypertension. An alternative induction drug used in pre-hospital RSI is ketamine, which may provide more stable blood pressure during RSI in trauma patients. 12 This drug also has the advantage of some anticonvulsant and neuroprotective properties. 13 However, it is relatively contraindicated in hypertensive patients and, in addition, midazolam has proven efficacy in the pre-hospital treatment of patients with seizures. 14 One expected finding was that paramedic RSI resulted in a prolonged scene time. While this may be of concern in the trauma patient with active bleeding who may require urgent surgery, a prolonged scene time in the setting of non-traumatic coma would be unlikely to significantly delay CT brain scan after arrival at the emergency department. We have previously shown in trauma patients that time from paramedic arrival at scene to CT scan in the emergency department is equivalent between patients who underwent paramedic RSI compared with patients who were transported to the emergency department for physician RSI. 2 It is therefore unlikely that CT brain scanning and subsequent emergency neurosurgical care would be delayed by the use of paramedic RSI.
However, paramedic RSI may result in the unnecessary intubation of patients who would otherwise regain consciousness during ambulance transport or soon after arrival at the emergency department. For example, in a study of a physician staffed ambulance service, there were 557 patients with non-traumatic coma of whom 129 (23%) were intubated before arrival at the hospital. 5 Of the remaining 428 patients, 64 were transported unconscious without ETI. Only 12 (19%) of these latter patients were eventually intubated in the emergency department. That study suggests that comatose post-seizure patients without a compelling reason for intubation such as hypoxia and/or hypoventilation might be observed during transport. Such an approach may decrease the need for an intensive care admission.
On the other hand, paramedic RSI has a number of potential benefits to comatose patients with non-TBI. This procedure allows administration of 100% oxygen and control of ventilation with the avoidance of hypercapnoea or hypocapnoea using waveform end-tidal carbon dioxide monitoring. Importantly, this procedure also allows the bypass of the nearest emergency department and instead transport to a centre for definitive neurosurgical care. This is particularly relevant in our capital city of Melbourne where only five hospitals out of 12 have emergency neurosurgical facilities.
Another advantage of a paramedic RSI programme that includes non-TBI patients is enhanced paramedic skills maintenance. In the ambulance service in Victoria there are 300 intensive care paramedics who are authorised to perform RSI. Therefore, each of these would undertake RSI in a trauma patient infrequently. Thus, there is a significant training and skills maintenance benefit for paramedics to undertake RSI in the non-trauma setting since more regular use of this procedure by paramedics would be expected to result in higher competency. This is especially important given the limited training that is able to be provided. This increased exposure may account for the high procedural success rate.
An alternative approach in some European cities is the use of appropriately trained physicians to undertake RSI in the prehospital setting. This approach has been shown to increase the success rate of intubation slightly, 9 15 but such an approach is very costly and would not be feasible in many cities where appropriately trained physicians are not readily available due to hospital or medical practice commitments.
Strengths and limitations
The main strength of this study is the large cohort of patients with data collected immediately after paramedic care into an electronic record. It is likely that most cases of RSI by roadbased paramedics in patients with non-traumatic coma are included in this analysis.
One limitation is that, as an observational study with data collected retrospectively from patient care records, it is possible that some data entered into the patient care record by paramedics may be inaccurate. Also, this study does not report on the CT scan findings and the eventual outcomes in these patients. Since patients were mostly transferred to one of five neurosurgical hospitals, such follow-up requires substantial resources that were not available to the investigators. Finally, since there was no concurrent group of matching comatose patients with nontraumatic neurological injury who did not undergo paramedic RSI, we are unable to conclude that paramedic RSI improves outcomes in this patient group compared with transport to hospital without intubation.
CONCLUSION
This study demonstrates that appropriately trained intensive care paramedics are able to perform RSI in patients with coma due to non-TBI with a very high success rate. One key finding of our study was that a significant number of older patients arrived at hospital still hypertensive. Given the importance of adequate blood pressure control to maintain optimal cerebral perfusion in such patients, further studies should be undertaken to ascertain the effect on blood pressure of different dosage regimens. Once the optimal pre-hospital RSI drug and dosage regimen is established, prospective controlled trials should then be undertaken to determine whether paramedic RSI improves long-term patient outcomes compared with transport to hospital with basic airway management followed by intubation (if needed) in the emergency department by a physician.
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